Objective: To monitor the changing relationship between body mass index (BMI) and height in young children. Design: Annual cross-sectional surveys using health-visitor-collected routine data 1988-2003. Setting: Wirral, England. Participants: Fifty thousand four hundred and fifty-five children (49% female) each measured once at the age of 3 years. Main outcome measures: Weight, height and derived BMI (weight/height 2 ) adjusted for age and sex (British 1990 revised reference) using standard deviation scores. Results: From 1988 to 2003, mean BMI increased by 0.7 kg/m 2 , whereas mean height fell by 0.5 cm. Over the same period, the weight-height correlation rose from 0.59 to 0.71 (Po0.0001) owing to BMI increasing faster in the taller than the shorter children. Among the shortest 10% of children, mean BMI rose by 0.12 (95% confidence interval: À0.05-0.28) kg/m 2 as against 1.38 (1.19-1.56) kg/m 2 among the tallest 10%, a 12-fold difference. Adjustment for age, sex, seasonality, birth-weight and deprivation did not alter the findings. Conclusions: Among 3-year-old children in Wirral, where BMI has been rising for 16 years, the largest increase in BMI has occurred in the tallest children, whereas in the shortest BMI has hardly changed. Tall stature has, therefore, become important for child obesity. It suggests a drive to increasing adiposity in young children that involves both growth and appetite, with fast growing and hungrier children now more exposed to the 'obesogenic' environment.
Introduction
Child obesity is a major and increasing public health problem in many countries, with the prevalence in the UK rising rapidly in children as young as 3 years.
1 Being fat as a child causes immediate harm, such as low self-esteem, and has consequences for adult health, including an increased risk of type II diabetes and cardiovascular disease. 2 The factors leading to obesity are well known -a positive energy balance arising from dietary energy intake exceeding expenditure. 3 This principle is the basis for strategies to tackle population obesity, with a focus on encouraging physical activity and healthy eating. 4, 5 Childhood obesity differs from adult obesity in that children grow, and child obesity is now emerging as a growing problem -in both senses of the word. Obese children tend to be taller than their lean counterparts, 6, 7 tall stature in childhood is a risk factor for adult obesity, 8 and in particular, rapid early infant weight gain predicts obesity later in childhood. [9] [10] [11] Ong et al. 10 showed that infants who gained weight rapidly in their first 2 years were both fatter and taller at 5 years than their slow-growing counterparts. Stettler et al. 12 showed a similar effect after just 4 months of early rapid weight gain. As Ong et al. 10 put it, 'acceleration of growth postnatallyyovershoots the genetic trajectory'. Singhal and Lucas 11 recently propounded a 'growth acceleration hypothesis' that early rapid weight gain is an important risk factor for several chronic diseases including obesity. Their hypothesis includes Barker's foetal origins hypothesis 13 as a special case. 14 Height at any age in childhood is a marker of skeletal growth up to that point. Body mass index (BMI ¼ weight/ height 2 ) is conventionally used to measure child obesity, [15] [16] [17] [18] and in preschool children BMI is effectively uncorrelated with height. [19] [20] [21] [22] However, in older children, particularly during puberty, there is a strong positive correlation between BMI and height. [19] [20] [21] This means that preschool, mean BMI is similar in tall and short children, whereas in puberty it is appreciably higher in taller children. This pattern in turn means that between preschool and puberty, BMI increases faster in tall children than short, which reflects the greater body fat of tall children. 23 Despite the dramatic increase in child obesity since the 1980s, the BMI-height relationship in children of the same age is assumed not to have changed over time, that is, in preschool children the correlation has remained near zero. This is important because if the correlation had changed, it would indicate that there had been a relative change in BMI in tall children compared to short children. The aim here is to revisit routine health data on 3-year-old Wirral children, 
Methods
Routine data collected by health visitors in Wirral, England at the preschool (3 years) review were obtained for the 16-year period 1988-2003, including sex, date of birth and measurements of height and weight. Of the 51 492 records examined, 692 (1.3%) were excluded owing to missing data, whereas a further 345 (0.7%) were excluded as weight or height was more than 5 s.d.'s from the mean. This left 50 455 children, of whom 47 851 (94.8%) had a matching birthweight.
Birth-weight for gestation, weight, height and BMI were converted to standard deviation scores (SDS) adjusted for age and sex using the British 1990 revised growth reference. 16, 24, 25 The SDS expresses the measurement relative to 
Results
Complete anthropometric data at 3 years were available for 50 455 children (49. 2% female), with mean age 3.1 (s.d. 0.2, range 2.6-4.5) years. Table 1 Table 2 gives the regression coefficients of log weight on log height, both overall and by year, including adjustments for age and sex. Overall, the coefficient (Benn index) is very close to 2, showing that the index weight/height 2 is almost perfectly uncorrelated with height. However, the time trend tells a different story -in 1988, the optimal power was around 1.8, but by 2003 it had increased to around 2.2, a highly significant secular trend (Po0.0001). This shows that at the start of the period, BMI was slightly greater in short children compared to tall, but by the end the reverse was true. Therefore, over the 15-year period, BMI had increased more in the tall children than the short. There was a significant sex interaction with log height, such that the optimal power for girls was 0.05 higher than for boys. Figure 2 shows the mean increase in BMI over the study period for children in each tenth of the height distribution (all years combined), estimated from the regression of BMI on year, adjusted for age, sex, deprivation, month of measurement and birth-weight within each height group. It demonstrates a near-linear increase in BMI with height from the shortest to the tallest, independently of birthweight and deprivation. 
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British 1990 BMI centile chart crossings upwards of a sixth of a channel for the shortest children and 1.6 channels for the tallest children, respectively. Figure 3 shows the complex dependence of IOTF overweight prevalence on height and time, with height divided into five groups from the shortest to the tallest. Overweight prevalence was essentially constant over time among the shortest children, but rose steeply among the tallest. During 1988-1991, the lowest prevalence was in the fourth-fifth of height (98 cm, 0.7 SDS), whereas by 1999-2003 it had fallen to the second-fifth (94 cm, À0.5 SDS). The J-shaped relationship between BMI and height is consistent with other studies. 7 Birth-weight correlated weakly, although highly significantly with 3-year weight (r ¼ 0.29 (0.28-0.30)), height (r ¼ 0.25 (0.24-0.26)) and BMI (r ¼ 0.16 (0.15-0.17)). The correlation between birth-weight and BMI did not change over time (birth-weight by year interaction P ¼ 0.5), even after adjustment for age, sex and month of measurement, so birth-weight did not explain the BMI trend. In analyses including height and birth-weight, height alone was a slightly stronger predictor of BMI than height adjusted for birth-weight.
Discussion
The results show that the increase in obesity between 1988 and 2003 among 3-year-old English children was disproportionately greater in taller children. In short children, BMI increased only slightly over the 16-year period, whereas in tall children the increase was 12 times greater. At the start of the period, the correlation between BMI and height was negative, with mean BMI slightly greater in short children than tall, but by the end the correlation had become positive, with tall children having the higher mean BMI. This same secular trend in the BMI-height relationship was seen in the regression of BMI on height and the Benn index weight/height p . There was also a counter-intuitive fall in the s.d. of BMI, arising from the increasing weight-height correlation explaining progressively more of the variability in BMI.
The strength, consistency and linearity of the changing relationship suggests that tall stature has over time become Abbreviations: CI, confidence interval. Data are the regression coefficients of log weight on log height, both overall and by year, including adjustments for age and sex.
Serial cross-sectional surveys 1988-2003 IE Buchan et al important for obesity in this age group, the effect being largest in the tallest children and smallest in the shortest children.
Study strengths and limitations
Our study design involves serial cross-sectional surveys over a long period of time, each with a large sample from a narrow age range, in an area with low migration and relatively little change in socio-economic status. 28 This design is appropriate for detecting secular trends in child populations, such as those we report, provided sampling bias is unsubstantial or controlled for. The fall in numbers of children we observed over time (see Table 1 ) was real and not owing to sampling changes -a very similar fall was seen in birth numbers. There was a slight (6 week) increase in mean age at examination across the years -this was controlled for by using SDS, and there were no residual age influences in regression models. This provides some reassurance that the secular trend in the BMI-height relationship is genuine. A potential weakness of the study is the use of routinely collected data, which are not subject to formal quality control and so may be of poorer quality. The data have however been carefully cleaned, with obvious outliers excluded, and the s.d.'s of weight SDS and height SDS are only slightly above unity. This is a sensitive indicator of data quality, as the s.d. is unity by definition for the reference population, and any extra measurement error would tend to inflate it. In addition, biased or noisy data would attenuate any secular trend, implying that the underlying trend is actually stronger than shown.
Interpretation
What might explain the increase in BMI being concentrated among the taller children? The simplest explanation is that their lifestyle has changed over time, causing them to become progressively fatter through reduced activity and/ or increased energy intake. There is little doubt that this lifestyle change has occurred, [29] [30] [31] but the problem is that all children are exposed to risk, not just the tall. The little evidence published on height-environment interaction suggests that tall children, particularly boys, tend to be more physically active, not less, than their short counterparts. 32 The lack of a sex difference in our findings also tends to rule out activity as an explanation, as girls are less active than boys. 33 Research into the origins of child obesity is currently focused on foetal growth and birth weight, 34 and early postnatal growth, 35 where rapid growth is associated with later obesity. Among several possible mechanisms for this association, appetite control is receiving specific attention. 36, 37 Ong et al. 10 show that infants who grow fast early on are fatter later, and they view intrauterine constraint of foetal growth as the driving force for rapid postnatal weight gain via prenatal upregulation of appetite, 38 with the excess growth starting immediately after birth and the rapid growers ending up taller than average as well as fatter. 10 Stunkard et al. 39, 40 show that weight at 1 year and 2 years is determined by energy intake rather than energy expenditure, and that appetite (as measured by nutritive sucking behaviour at 3 months) is an important factor affecting intake. Appetite relates both to dietary intake and to growth, so it may explain the link between growth and increasing obesity. 41 Height at any age reflects accumulated growth since conception, so that at 3 years tall children have been growing faster than short children. Faster growth goes with a larger appetite in general, so taller children are likely to have (had) larger appetites. This faster growth may also be associated with increased maturation, as accelerated growth is associated with early menarche. 42 In boys, Sandhu et al. 43 show that higher BMI just before puberty is associated with earlier puberty and higher BMI in late adulthood. However, there is an anomaly in our findings -a secular increase in appetite should have led to more growth and taller, heavier children, yet this has not happened. Over the 16 years studied, mean height fell by 0.5 cm despite the steep rise in weight. Whatever caused weight to rise did not simultaneously increase height. The stability of the underlying population makes this hard to explain in terms of changing ethnicity or socio-economic status.
Public health implications
The findings are important for public health. Interventions to prevent child obesity currently target diet and physical activity, on the assumption that energy imbalance is the problem. However, if appetite has been upregulated via programming, as the link between obesity and growth implies, the appropriate strategy would be to reduce appetite in the fastest growing infants. In practice, this would be extremely difficult to do, particularly if appetite were programmed prenatally. Research is required to identify safe and effective early preventive interventions, possibly via changes to infant-feeding practices and/or pharmaceuticals. 44 In conclusion, the association between height and weight at 3 years has increased over time because BMI has increased much more in tall than in short children. This suggests that much of the drive to increasing fatness arises from postnatal growth, probably mediated via appetite. Further research into the determinants of child adiposity and public health interventions to reduce high adiposity should prioritise studies early in life.
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